Purpose -One of the stated goals behind the formation of the International Organization for Standardization was to develop standards to facilitate international trade in goods and services. This goal has caused different country-group trends in the diffusion of ISO certification. The purpose of this paper is to create a taxonomy of ISO 9000 certification diffusion in Europe. Design/methodology/approach -The diffusion of ISO certificates in Europe was analyzed using the single linkage clustering algorithm. Then the features of each cluster were highlighted. Findings -European nations were found to belong to three macro areas which differ for patterns of ISO 9000 certification diffusion: the constant growth area, the saturation area and the decline area.
Introduction
The ISO 9000 certification system for firm quality was introduced in 1987, and by the end of 2007, more than 950,000 ISO 9000 certificates had been issued in 175 countries and economies (ISO, 2008) . So far, ISO 9000 quality standards have been the most successful and widespread set of standards implanted by the International Organization for Standardization (Casper and Hancké, 1999; Mendel, 2002; Clougherty and Grajek, 2008) .
A flourishing literature attempted to identify and classify the drivers of such a remarkable spread of ISO 9000 certification. Some diffusion explanations have been identified in the role of government directives, in the government agencies mandating contractor adoption, in the multinational enterprises requiring supplier adoption, and IJQRM 27, 5 in the extensive adoption by trading partner and trading competitor countries (Clougherty and Grajek, 2008; Corbett, 2006; Guler et al., 2002; Mendel, 2002) . Although the literature about ISO diffusion drivers is rich, the macro-level economic impact of ISO 9000 certification has been an under-investigated topic.
The aim of this paper is to look at the particular diffusion pattern the ISO 9000 standards experienced across the European continent. More specifically, we are interested whether the adoption of ISO 9000 standards has suffered local influences due to particular environmental factors such as government analogous regulations or similar economic market situations. To this purpose the European Union (EU) national patterns of ISO certification diffusion have been analyzed and clustered. Data are drawn out from the annual ISO Surveys. Results, which are found to be robust to different clustering strategies, highlight three different European macro-areas: the Eastern Europe area together with Italy and the Iberian Peninsula in which certification is still having a rapid growth phase; the Central Europe area in which the certification phenomenon has reached a saturation; and the "Island" area where the number of certifications is slowly decreasing after having reached a maximum.
In order to support the analysis, this paper is organised as follows: Section 2 and 3 consider the properties of ISO 9000, and analyze the micro and macro-level reasons for local certification diffusion. Section 4 and 5 analyze European certification market by means of different clustering approaches. Furthermore dissimilarities between different ISO diffusion profiles are translated into a two-dimensional map. Such a map allows and eases the visualisation of the local patterns of certification. Finally, clustering results are discussed.
Micro-level drivers of international business
There are many reasons why companies should look for the ISO 9000 certification. Certification to ISO 9000 standards does not guarantee any quality of end products and services; rather, it certifies that formalised business processes are being applied. For this reason it can be used as an important marketing tool to develop, strengthen and ease business contacts both with national and international partners.
Scholars and researchers are unanimous in recognising that ISO 9000 quality certification may help and ease business relations between companies from different countries. In particular Clougherty and Grajek (2008) identify three principal features stimulating business-to-business relations across borders:
(1) Quality commitment signal. ISO 9000 companies and enterprises are proud to claim a documented quality system that is implemented and followed, ensuring that products are made to exacting specifications (Guerin and Rice, 1996) . Companies themselves recognise that quality assurance elements of ISO 9000 may help in business-to-business contractual relations when a supplier's capability to design and supply conforming products needs to be demonstrated (Conti, 1999) . ISO certification can signal a firm's superior but unobserved attributes, steering customer companies when they have to deal with multiple suppliers, and the attributes of suppliers are intangible (Terlaak and King, 2006) . This is even more important when suppliers are not from the same country: international business relations between customers and suppliers may suffer from informational, linguistic, cultural, regulatory or managerial barriers. In such a situation, ISO quality certification can strengthen the reliability image
Clustering of European countries of foreign suppliers (Clougherty and Grajek, 2008) . In short, ISO 9000 offers a relatively low-cost signal of a firm's commitment to quality reducing trade barriers between businesses. (2) Common language. There is evidence that ISO 9000 certification involves a common-language that facilitate communication between businesses (Casper and Hancké, 1999; Dissanayaka et al., 2001; Clougherty and Grajek, 2008) . Establishing a common procedural language to be used across organisations, ISO 9000 certification represents an efficient tool to communicate internal systems to customers. The common-language of ISO 9000 thus represent an efficient improvement upon the situation where each customer specifies unique requirements for quality management. Accordingly, the common-language of ISO certification helps to reduce trade barriers between businesses from different countries by allowing for the ready communication of a firm's production system, and by eliminating costly multiple quality standards. (3) Conflict settling. ISO 9000 standards may help reduce and in many cases settle organisational disputes (Mendel, 2002) . Furthermore, by clarifying the division of labour and responsibilities involved with complex inter-organisational production, ISO 9000 minimise inter-organisational conflict. In other words ISO certification can help clarify situations where faults are unintended and not due to opportunistic behaviour. In this vein the certification may be used as a marketing tool to signal that the company is "easier to deal with" (Hayes, 1994) . In short, the conflict-settling feature of ISO certification reduces trade barriers between businesses from different countries by defining reasonable working procedures that ease inter-firm relations.
In sum, ISO 9000 helps standardise practices and terminology, mobilise resources, and structure efforts across organisations. The quality-signal, common-language, and conflict-settling features may lower the transaction costs and information asymmetries involved with business-to-business relations across borders, thus making business easier and potentially cheaper. Because of these features, propensity of some countries toward quality certification can affect the diffusion of certifications in those countries which are involved in strong business relations.
ISO 9000 certification evolution in Europe
The European growth of ISO 9000 certifications is still flourishing. For the purpose of our analysis, we consider Europe as defined by the annual ISO Survey (see Table I for more specific details). It should be noted too that the data supplied are of the numbers of certificate issued, not the numbers of sites covered by any one certificate (ISO, 2008) . According to the last ISO Survey (ISO, 2008) , the number of certifications seems to be constantly growing year by year (see Figure 1 ). Just around 2003 it is possible to notice a light drop due to the ISO standards changeover from the ISO 9000:1994 to the ISO 9000:2000 version. From Figure 1 it is noteworthy how the market of ISO certification does not seem to face any crisis in Europe. The phenomenon has not reached a saturation level yet. On the other hand, the European share of the world certifications appears to be constantly decreasing (see Figure 2) . This is not due to a slow down of the European trend of certifications but it is rather the result of a faster increase of Far East contribution to IJQRM 27,5 the total number of certifications. Nevertheless, Europe is still the macro-area with the highest number of certifications (see Tables I and II) .
North America's position reveals a curious behaviour. The adoption of ISO 9000 certification has lagged behind that of other developed countries due to questions about whether the benefits of ISO 9000 registration were sufficient to offset costs and sheer complexity (Franceschini et al., 2006) . This behaviour was also supported by the natural dynamism of the North American market, which, in general, does not force companies in pursuing ISO 9000 certification as a distinguishing element in business Sources: ISO (2001 ISO ( , 2002 ISO ( , 2003 ISO ( , 2004 ISO ( , 2005 ISO ( , 2006 ISO ( , 2007 Sources: ISO (2001 ISO ( , 2002 ISO ( , 2003 ISO ( , 2004 ISO ( , 2005 ISO ( , 2006 ISO ( , 2007 
Certification patterns inside Europe
In order to study the evolution of European ISO certification we pointed out some possible common traits in the evolution patterns. The aim of this analysis is to highlight certification diffusion in order to see if, on a local level, the domestic markets reacted differently to the certification phenomenon, and if the constant growth pattern in the European number of certification hides different evolution patterns similar to those that drove to a net differentiation between North America and Europe or Far East countries. A preliminary analysis of the ISO 9000 certification diffusion shows different behaviours depending on the analyzed country. Observing Figure 3 it is evident how the certification number in Bulgaria is constantly increasing year after year, while in Belgium and the UK respectively it is keeping constant and has decreased during the last few years. Rather than different evolution patterns, the different behaviours can be interpreted as different pictures of the same phenomenon taken at different stages of its evolution. According to this interpretation, the certification evolution can be hypothesised to follow a pattern of behaviour roughly sub-divisible into three phases. Figure. 4 qualitatively describes the three phases of certification evolution:
(1) Growth phase. Throughout this phase, the number of certifications constantly increases. Companies seek the certification attracted by the benefits deriving from the standards implementation. The next sections are aimed at checking whether this hypothesis of distribution can apply to the European reality through a comparison and clustering of different evolution patterns.
ISO certification patterns analysis
To compare the diffusion dynamics, a dissimilarity metric can be defined considering the number of issued certifications in the corresponding European countries (ISO, 2001 , 2003 , 2004 , 2005 , 2007 , Franceschini et al., 2007 :
where n A and n B are the numbers of certifications respectively issued within country A and B from 1992 to the end of 2007 (ISO, 2001 (ISO, , 2002 (ISO, , 2003 (ISO, , 2004 (ISO, , 2005 (ISO, , 2006 (ISO, , 2007 (ISO, , 2008 . According to the definition (equation (1)), the dissimilarity metric can be:
. close to zero for highly correlated ISO certification patterns;
. close to one for low correlated ISO certification patterns; and .
greater than one in case of negative correlation.
Although many other dissimilarity metrics can be used to this purpose, we found results produced to be robust to other possible dissimilarity definitions (such as the Euclidian distance, Manhattan distance, Mahalanobis distance, x 2 distance, etc.) (Gower and Legendre, 1986) . Considering data presented in Table III , this definition allows the construction of a dissimilarity matrix from which it is possible to classify the different behaviours of certifications diffusion.
Table IV presents the dissimilarity matrix just for a selection of European countries chosen according to the gross domestic product (GDP) and allows some preliminary reflections. It can be noticed how the German certification pattern is close to the French one, and Russia, Italy and Spain are experiencing similar diffusion dynamics. On the Sources: ISO (2001 ISO ( , 2002 ISO ( , 2003 ISO ( , 2004 ISO ( , 2005 ISO ( , 2006 ISO ( , 2007 (Gower and Ross, 1969) in order to subdivide all the certification diffusion patterns into three groups. The choice of the clustering algorithm was done according to its simplicity and efficiency, although the robustness of results has been tested with other algorithms. Figure 5 presents a picture of the results provided by the clustering operation. Few countries are not included into the analysis due to a lack of data (Balkan and Baltic areas) or to a very low number of certifications issued (Island, Liechtenstein, Vatican City, etc.). Figure 6 goes deeper into detail showing clustering results. For graphical reasons the plotted variable is the normalised number of ISO 9000 certifications per nation. Figure 7 shows the evolution profiles for a selection of countries within the most highly populated cluster. All the major East European countries, together with Italy and the Iberian Peninsula belong to the constant growth area. These are countries in which the certification phenomenon seems not to suffer any crisis. Only Hungary, Slovenia, Czech Republic and Portugal suffered a slight drop during the last analysis year.
The second cluster in terms of population is the one shown in Figure 8 . Table IV . Dissimilarity matrix of the top 6 GDP European countries Clustering of European countries this area. These countries lived a certification growth period that lasted until the first years of the new millennium and then became more or less stable around a particular "market saturation level" (Franceschini et al., 2004) . In some European countries, on the other hand, the certification experience acknowledged an appeal drop starting from 2002 ( Figure 6 ). This drop strengthens in the following years with the standards changeover from ISO 9000:1994 to the ISO 9000:2000 version.
In last analysis it is remarkable how a significant difference between the three proposed macro-areas may be found in the initial conditions of the evolution patterns. Observing the normalised number of ISO certification at the end of 1992 it is clear how the certification market inside the "constant growth" area is still in its embryonic stage, the certification market inside "saturation area" is forming, while the certification market of "decline area" is already booming.
European ISO certification map
The dissimilarity matrix evaluated using equation (1) can be translated into a map to give a graphic representation of how ISO certification patterns are similar to each other.
Treating the dissimilarity metric as a Euclidean distance, it is possible to find the countries layout that better satisfies all the dissimilarity constraints. A multi-dimensional scaling (MDS) approach was used to achieve this goal (Borg and Groenen, 2005) . Starting from the dissimilarity matrix, this localisation approach assigns a location to each country in a bi-dimensional space. The axes of the bi-dimensional space are defined so as to render the Euclidean distance between each proposed location the closer possible to the country pair dissimilarity metric.
Results are shown in Figure 9 . The proposed layout highlights the certifications macro areas emphasised in the previous section. It is noteworthy how The Netherlands stands out from the other countries, being localised far from all the other countries. Even if classified within the constant growth area, The Netherlands presents a considerable drop of certification around the years 2003 and 2004 (see Figure 7) , thus resulting, for some aspects, similar to the certification pattern of the decline area. 
ISO certification diffusion and GDP per capita
The GDP is commonly considered as an indicator of the wealth and affluence of a nation. Definitely the GDP is an index of how active the economy of a nation is. For this reason it is noteworthy how the GDP per capita (GDP pc ) is correlated to the number of certifications. In particular, we investigate how the clustering performed in the previous section is robust to a GDP pc analysis.
For each nation, Table V presents the correlation values between the certifications number and the relative GDP pc , reported in Table VI . Countries are grouped according to the clustering defined in the previous sections. It is noticeable how the clustering carried out studying the ISO evolution profiles is robust to a study of correlation between GDP pc and ISO certification pattern. Apart from Slovenia, all the constant growth area countries present a correlation level close to one. On the other hand countries belonging to the saturation area are poorly correlated to the respective GDP pc . The three decline area countries have a correlation level which is close to zero.
Given a general growth of GDP pc (see Table VI ), a low or null correlation value may be seen as a low perception of the benefits deriving from the certification: even if the economies are more and more active, the certification is not seen by companies as a necessary tool to increase or improve businesses. On the other hand, a high correlation between GDP pc and the number of ISO certifications can be interpreted as if the companies appreciate and recognise benefits deriving from the certification, considering the certification as one of the key factors that drove them toward the economic improvement.
Results analysis
Observing the statistical analysis presented, it can be definitely outlined that the certification phenomenon is highly contagious: there is a sort of chain effect involving adjoining countries, for which the certifications market suffers similar dynamics. This can be primarily ascribed to different factors:
. Pressure from competitors: there is a chain emulation effect produced by a free and competitive market. A company may will the certification to bridge a gap in competitiveness with its neighbouring competitors acting on its local market.
. Pressure from customer companies: local customer companies can involve suppliers in their certification process, thus setting a group trend toward the certification. Suppliers, in turn, may involve their suppliers and so on.
. Similar economies, regulations, and politics may concurrently drive and push local companies toward the certification.
From the literature, there is evidence that ISO 9000 perceived benefits do decrease over time (Casadesùs and Karapetrovic, 2005a, b) . It appears that companies that are at the beginning stages of their quality journeys find that the ISO 9000 series of standards provides them with a guide for implementing a basic quality system. But for companies with good quality systems, the standard often just adds costs, delays and burdensome documentation, rather than providing any further competitive advantage (Terziovski et al., 2003 (Terziovski et al., , 1997 . Furthermore, with the passing of the years, the number of certified competitors may potentially increase, thus reducing the competitive gap between certified and not certified companies and causing a fall in the certification appeal (Franceschini et al., 2004 (Franceschini et al., , 2008 . 
Clustering of European countries
The observations pointed out by the above-mentioned authors may be the main micro-level causes that brought European countries to be distinguished into the analyzed macro-areas. Markets with a long certification history (decline area and saturation area) are characterised by the presence of a lot of companies with a well-implemented quality system, that -for the above discussed reasons -are not more interested in certification. The number of certifications inside these areas do not increase or tend to drop off. On the other hand, markets in which quality systems established later (constant growth area), still seem to perceive the certification benefits (high correlation between ISO certifications number and GDP per capita). In addition, since the certification still represents a distinction feature, the certifications number shows no sign of crisis.
Conclusions
Quality certifications and their evolution over time are a research topic rousing great interests. In their work, Sampaio et al. (2009) analyzed many important studies and research efforts carried out concerning the ISO 9000 standards, both by academicians and by quality practitioners. According to the last ISO survey, up to the end of December 2007, 951,486 ISO 9001:2000 certificates had been issued in 175 countries and economies. The 2007 total represents an increase of 54,557 (þ 6 per cent) over 2006, when the total was 896,929 in 170 countries and economies. Despite of the international significant growth in the number of certificates issued, some countries are already reaching a market saturation level regarding the number of ISO 9000 certified entities (Saraiva and Duarte, 2003; Franceschini et al., 2004) .
The analysis carried out and presented in this paper highlights the presence of different European macro areas that differ for patterns of ISO 9000 certification diffusion:
. Constant growth area. This is the area in which the certification number is currently growing. All major European countries together with Italy and Iberian countries are part of this area. Their certification market is relatively young.
. Saturation area. All the European countries whose certifications market has been active for a relatively long time are part of this area. For such countries, the number of certifications issued during the last years settled around a saturation value, probably because of a reduction in the competitive gap between certified and non-certified companies (Saraiva and Duarte, 2003) .
. Decline area. This is the area in which the certifications were introduced first. The changeover from the ISO 9000:1994 to the ISO 9000:2000 version took place in a period in which the number of certified companies had already reached the saturation level. The achievement and maintenance costs of the new certification standard caused a drop off in the certifications number during the following years.
Forecasting the future of certifications and understanding the reasons of certifications patterns evolution is important firstly for the certification bodies, for which certification is the principal business, but also for the companies that have to face high implementation and maintenance costs to achieve and update their certification. Future researches will be addressed toward the analysis of a wider geographical area in order IJQRM 27,5 to see if the results found for the European reality may be extended. The outcomes of such analysis may be used to enhance the existing forecasting model for the diffusion of ISO 9000 certification (Franceschini et al., 2004) .
Another interesting research topic will be the analysis of the companies' reaction to the recent economic crisis in terms of number of certifications. Will the companies try to find in the quality certification the solution to face the crisis or will they face their economic troubles cutting the costs thus abandoning the certification?
